Introduction
Rapid inter-neuronal communication is typically mediated by the release of neurotransmitter at cell-cell contacts termed chemical synapses, where neurotransmitter-filled vesicles fuse with the plasma membrane at specialized sites termed AZs [1] . At some sensory synapses, large electron-dense ribbon-like structures, which accumulate synaptic vesicles at the AZ, help to convert analog signals from sensory receptors into phasic and sustained vesicular release (reviewed in [2] ). The fidelity and speed of the sensory representation depends on fast and repetitive vesicular release at these specialized early-stage synapses [3] [4] [5] . Many types of sensory signals are then converted into an action-potential-based rate code before being rapidly transmitted to the central nervous system for processing. Firing rates of neurons in the sensory pathways can reach frequencies as high as 1 kHz [6, 7] , and rates of hundreds of hertz can be sustained for long periods [8] .
To transmit these high-frequency inputs, some central synapses sustain high rates of vesicle fusion [9-13], comparable to the rates found at sensory ribbon-type synapses (see below and Table 1 ) [4, 14, 15] ). Firing rates of neurons in the motor pathways can also reach high levels ($100 Hz), and firing rates $20 Hz can be sustained for minutes [16] . This raises the question of how these central synapses and neuromuscular junctions (NMJs), which lack specialized ribbon structures that accumulate vesicles at the AZ, can transmit broad-bandwidth rate-coded sensory and motor command information effectively over sustained periods of time.
Small electron-dense structures that are reminiscent of ribbons have been found at central and NMJ synapses (reviewed in [17] ), but recent technical advances in electron microscopy suggest that their appearance may depend on the fixation procedure (reviewed in [18] ). Electron-dense structures following chemical fixation appear as a network of fine vesicle-tethering filaments when rapid freeze and stain-free approaches are used together with electron tomography (reviewed in [19, 20] ), although some filaments that link vesicles to the ribbon and to the plasma membrane can be resolved with chemical fixation (e.g., [21, 22] ). Electron-dense structures at the NMJ have been shown to consist of a scaffold of distinct filaments that can tether vesicles when high-pressure freezing [23, 24] and highresolution tomography was used [25] . These data support the idea that fine filamentous structures of various lengths are common to AZs at ribbon-type, central, and NMJ synapses. Moreover, recent studies at these three types of synapses indicate that the number of tethered vesicles decreases during synaptic activity [25, 26] , and that interference with vesicle tethering or putative vesicle-tethering proteins [22, [27] [28] [29] impairs sustained vesicular release. Here, we review the mechanisms underlying vesicle reloading during sustained activity and discuss the potential roles that vesicle tethering could play in fast and sustained vesicular release across ribbon, central, and NMJ synapses.
What are the processes involved in vesicle reloading? According to the conventional view, to become releasecompetent, a transmitter-filled vesicle must first move to and then attach (dock) to the AZ plasma membrane. The docked vesicle is then converted into a state of releasecompetence by proteins such as SNAREs (soluble NSF attachment protein receptors), SM (Sec1/Munc18-like) proteins, and low-affinity Ca 2+ sensors that trigger fast vesicle fusion (reviewed in [18, 30] ). In addition to this 'molecular priming', vesicles must colocalize with Ca 2+ channels, which provide the high Ca 2+ concentrations required to Review
